As an adjuvant immunotherapy, cytokine-induced killer cells (CIKs) infusion has been demonstrated to exert potent effectiveness in several types of cancer patients who received curative treatment. However, controversy exists regarding whether nasopharyngeal carcinoma (NPC) patients can benefit from additional treatment after radical radiotherapy or chemoradiotherapy to improve their distant control and survival. In this retrospective study, we aimed to evaluate the efficacy of adjuvant CIK cells therapy in NPC patients with stage II-IVB after curative treatment. From January 1, 2005 to December 31, 2012, 85 pairs of NPC patients matching by propensity score matching (PSM) method to balance prognostic factors were included in this study: 85 cases underwent radical treatment, 85 cases received radical treatment and sequential CIKs infusion. We found that disease-free survival (DFS) and overall survival (OS) were significantly better in the CIK group than that in the control group (P = 0.009, P < 0.001, respectively). Adjuvant CIK cells immunotherapy was showed to be an independent prognostic factor for survival of the patients in further multivariate analysis. In subgroup analyses, the DFS and OS of patients with T3/4, III and IV A-B TNM (tumor-node-metastasis) stages were significantly enhanced in CIK group compared to control group. Nevertheless, both NPC patients with high and low EBV DNA benefited from adjuvant CIK cells immunotherapy. In conclusion, CIKs infusion is an effective adjuvant immunotherapy for enhancing the prognosis of NPC patients who have received the standard treatment, particularly for those with more aggressive tumor (T3/4) or advanced TNM stage.
Introduction
Nasopharyngeal carcinoma (NPC), which represents a small proportion of head-and-neck cancers, is one of the most common malignant cancers in south Asia and southern China especially
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Guangdong province [1, 2] .Although most patients with the disease are diagnosed when the tumor has reached an advanced stage (stages Ⅲ-ⅣB) [2] , the overall survival rate of them has been significantly improved due to the advances in radiotherapy and the extensive use of chemotherapy [3] .However, distant metastasis remains the major cause of treatment failures after the use of radiotherapy and chemotherapy [4] . Nowadays, more potent therapy after the radical treatment is called for improving distant control and prognosis for NPC patients, especially for those with advanced disease [5] , whereas the problem whether or not adjuvant treatment should be given stills controversial.
Currently, the approaches to improve disease control and prognosis for cancer patients have concentrated on immunotherapy such as dendritic cell vaccines and adoptive transfer of immune effector cells [6, 7] . Emerging studies have proved that cellular immunotherapy can suppress cancer formation and progression in NPC patients by tumor immune response [8] [9] [10] , indicating that immune-based therapy could be a promising therapy for patients with NPC. As one type of adoptive cellular immunotherapy, transfusion of cytokine-induced killer cells (CIKs) has been used as adjuvant treatment for reducing tumor recurrence and improving survival benefit in several types of solid tumors, such as hepatocellular carcinoma, gastric cancer, renal cell carcinoma, lung cancer, melanoma and triple-negative breast cancer [11] [12] [13] [14] [15] [16] [17] [18] [19] . A series of reports have also highlighted the safety and effectiveness of adjuvant CIK treatment in clinical practice [20] [21] [22] [23] [24] , suggesting that CIK cells represent an effective therapy method in the field of cancer immunotherapy. Previously, we demonstrated that sequential adjuvant CIK enhanced the efficacy of the gemcitabine plus cisplatin chemotherapy egimen for metastatic NPC patients [25, 26] . However, the clinical effect of adjuvant CIK cells therapy in patients with stage II-IVB remains unclear.
In this study, we retrospectively assessed the clinical efficacy of autologous CIK infusion after the curative treatment including radiotherapy and chemotherapy for the NPC patients with stage II-IVB. Our data provide additional evidence on whether adjuvant CIK immunotherapy could improve the clinical outcomes in patients with NPC.
Materials and Methods

Patients population
After obtaining institutional review board approval, the medical records of patients with stage II-IVB NPC were reviewed at Sun Yat-sen University Cancer Center (SYSUCC) between January 1, 2005 and December 31, 2012. These records included the clinicopathological information of the patients at accrual such as age, sex, TNM (tumor-nodemetastasis) stage, treatment and outcome. NPC was histologically diagnosed based on the World Health Organization criteria. All patients in this study had adequate baseline cardio-pulmonary and renal function, and the Eastern Cooperative Oncology Group performance status score were ≤ 2. The following exclusion criteria were applied: with relapse or distant metastasis, with autoimmune disease or primary immunodeficiency, with serious adverse events during previous treatment, a history of other malignancy, or recruitment in other clinical trial. After review, 8753 NPC patients received either adjuvant CIK treatment or not after radical treatment were included. Propensity score matching (PSM) was then used to match the patients who received CIK treatment and the patients who did not receive. Finally, 85 patients in CIK treatment group and 85 patients in control group. All covariates between the two groups achieved an adequate balance by the PSM (Table 1) . 
Treatment protocol
All NPC patients were treated with the either radical radiotherapy or with chemoradiotherapy. The overall median radiotherapy dose was 69.7 Gy (range, 68-70), the overall median dose per fraction was 2.19 Gy (range, 2.12-2.26) and the overall median duration of radiotherapy was 45 days (range, 42-49). Induction chemotherapy (IC) was administered to the patients as follows: PF regimen (cisplatin and 5-Fu), TPF (docetaxel, cisplatin, and 5-Fu). Cisplatin regimen was used for concurrent chemoradiotherapy (CCRT). One month after completion of radiotherapy or CCRT, CIK group patients received immune cell infusion. The cell preparation and infusion protocol are described below.
CIKs generation
The preparation of autologous CIK cells has been described in our previous reports [13, 15, 18] . Briefly, when routine blood examination returned to normal, 50-60 ml of heparinized peripheral blood was collected from each patient who completed the radiotherapy or CCRT treatment. Peripheral blood mononuclear cells (PBMCs) were isolated using Ficoll-Hypaque gradient centrifugation and cultured in X-VIVO 15 serum-free medium. CIK cells were generated using1000 U/ml rhIFN-γ for the first day followed by stimulation with 100 ng/ml OKT-3, 1000 U/ml rhIL-2 and 100 U/ml IL-1a. Fresh medium containing 1,000 U/mL rhIL-2 was supplemented periodically during the culture. At 14 days, the CIK cells were harvested, and their number, viability, and whether they were contaminated were evaluated.
CIKs treatment
The treatment of CIK cells infusion is an observational clinical immunotherapy in SYSUCC.
The CIKs treatment was approved by the institutional ethics committee of SYSUCC. Written informed consent was obtained from each patient before treatment. After being cultured for 14 days, all numbers of harvested autologous CIK cells free of microbial contamination were washed and resuspended with 100 mL normal saline supplemented with 1% human serum albumin. The fresh CIK cells were administered via intravenous infusion within 30 minutes. Before infusion, 50 to 60 mL heparinized peripheral blood was collected for the next cycle of CIK generation. Treatment-related adverse events (AEs) such as fever, fatigue, chills, and vomiting were monitored and recorded during the treatment and observation period. Generally, patients received at least four cycles of CIK cell treatment at two-week intervals. The details of CIK cell treatment assignment procedure was showed in Fig. S1 . If the patients were disease-stable, they were eligible for more cycles of CIK maintenance treatment using the above protocol. Otherwise, CIK therapy was stopped once the disease is progression or the patients did not want to continue.
Follow-up
All patients in this study had undergone detailed follow-up at our outpatient department after radiotherapy or CCRT. In general, patients were contacted every 3 months for the first 2 years, every 6 months for years 3-5, and annually thereafter or until the patient's death, whichever occurred first. Clinical and laboratory examinations were obtained at each follow-up visit. When tumor recurrence was suspected, additional evaluations such as pulmonary and abdominal CT, nasopharyngeal and cervical MRI as well as ECT scans of whole-body bone were performed. Disease-free survival (DFS) was calculated from the time of initial radiotherapy or CCRT to the time of first failure (local or distant) or until the last follow-up. Overall survival (OS) was defined from the date of the initial radiotherapy or CCRT to the date of death from any cause or the last follow-up. If recurrence or metastasis were confirmed during the follow-up, the patients received multidisciplinary synthetic therapy according to the recommendation by physicians. The statues and correlating treatment of patients were entered into medical records after follow-up and updated accordingly in the database.
Flow cytometry analysis
The phenotype of the autologous CIK cells was characterized by flow cytometry. CIK cells were resuspended at 2 × 10 5 cells per 100 μL of phosphate-buffered saline (PBS) and incubated for 30 min at 4°C with the following anti-human antibodies: anti-CD3-PE-Cy5, anti-CD4-FITC, anti-CD8-PE-CF594 and anti-CD56-PE-Cy7 (all from BD Bioscicence). The cells were analyzed using a CytomicsTM FC500 Flow Cytometer (Beckman Coulter, USA). Data analysis was performed with CXP analysis software (Beckman Coulter, USA).
Cytotoxicity assays and cell lines culture
The cytotoxic specificity of the CIK cells obtained from five patients in the CIK group was analyzed using a Cyto Tox 96 Lactate Dehydrogenase Assay Kit (Promega) according to the manufacturer's protocol. The effector cells in these tests were CIK cells and the target cells were NPC cell lines S18 and 5-8F which were obtained from the Committee of the Type Culture Collection of the Chinese Academy of Sciences (Shanghai, China) and cultured at 37°C in 5% CO2 in DMEM medium (Gibco, USA) supplemented with 10% fetal bovine serum (FBS; Gibco, USA) and 1% penicillin-streptomycin. Cytotoxicity was quantified after the effector and target cells were co-incubated for 12 h at an effector cell to target cell (E: T) ratio of 3:1, 10:1, or 30:1.
Statistical analysis
All statistical analyses were conducted using SPSS version 20.0 (SPSS, Inc., Chicago, IL, USA 
Results
Patient characteristics
After matching by PSM, A total of 85 pairs were included in the present retrospective analysis. Among them, 116 (68.2%) were men and 54 (31.8%) were women, and the median age was 44 years old (range, 15-76 years old). 134 patients (n = 66 in control group; n = 68 in CIK group) received intensity-modulated radiotherapy (IMRT) and the other 36 patients (n = 19 in control group; n = 17 in CIK group) received conventional radiotherapy. 45 patients in the CIK group and 44 patients in the control group received 3 cycles IC followed by radiotherapy or CCRT. The clinicopathological parameters between CIK and control groups were well matched ( Table 1) . No statistically significant differences between the two groups were found in terms of all variables including age, gender, pathological category (WHO), EBV-DNA, T, N, TNM stage and previous radiotherapy and chemoradiotherapy (Table 1 , P > 0.05).
Characteristics of the cultured CIK cells
The total number of cultured CIK cells at the time of transfusion was an average of 10×10 9 cells (range, 8.7-15×10 9 ). The viability of the immune cells was over 95% with free of bacterial or fungal contamination, negative for mycoplasma and contained endotoxin <5 EU. Fig.  1A -D. We also chose five patients in the CIK group patients to evaluate the cytolytic activity of the CIK cells. CIK cells were co-cultured with S18 and 5-8F cells at a 3:1, 10:1, or 30:1 CIK to tumor cell ratio (E: T ratio). As shown in Fig. 1E , for the S18 cell line, the lysis ratio of the CIK cells was 13.36 ± 2.19% at 3:1 E: T ratio, 46.66± 9.60% at 10:1 E: T ratio and 83.75 ± 5.19% at 30:1 E: T ratio, respectively (Fig. 1E) . For the 5-8F cell line, the lysis ratio of the CIK cells was 15.43 ± 2.99% at 3:1 E: T ratio, 43.49± 7.39% at 10:1 E: T ratio and 74.29 ± 4.09% at 30:1 E: T ratio, respectively (Fig. 1E) .
Treatment-related AEs of CIK cell immunotherapy
AEs were evaluated by the protocol with National Cancer Institute Common Toxicity Criteria version 4.0, which were defined drug related or that occurred in patients during medical treatment or procedure regardless of relationship to drug. The treatment-related AEs of CIK cells treatment include fever, fatigue, chills, vomiting, anemia, leucopenia and autoimmune disorder. Among the CIK group, AEs occurred in 14 cases (16.5%) during they received CIK cells infusion, 10 of which were fever, chills, and fatigue, at grade 1 or 2, and spontaneously resolved within 12 h. Another four patients appeared leucopenia and recovered by symptomatic treatment. No infections, vomiting, allergic reactions or autoimmune disorder were observed following infusion with CIK cells. No treatment-related serious AEs such as pneumonitis and treatment-related deaths appeared in any of the patients.
Prognosis of patients in the two groups
The median follow-up period for all patients was 78.3 months (range, 7.4-132.5 months). DFS and OS rates at 1, 3, and 5 years after curative radiotherapy or chemoradiotherapy were 94.1% (99.4%), 74.3% (89.0%), and 64.0 % (78.2%) for the whole study population. Survival analysis showed that patients in the CIK group had a significantly enhanced DFS and OS compared to those in the control group ( Fig. 2A  and 2B ). The median DFS and OS time were 76.6 and 81.2 months for patients in the CIK group compared to 61.3 and 68.6 months for patients in the control group, respectively. The 1-, 3-, and 5-year DFS rates were 95.3%, 81.1%, and 72.3%, respectively, for the CIK group compared with 92.9%, 67.4%, and 55.6%, respectively, for the control group (log-rank test, P = 0.009). The 1-, 3-, and 5-year OS rates were100%, 95.2%, and 88.9%, respectively, for the CIK group compared with 98.8%, 82.8%, and 67.4%, respectively, for the control group (log-rank test, P < 0.001). The effects of CIKs treatment on the prognosis of NPC patients with curative radiotherapy or chemoradiotherapy were further evaluated by univariate and multivariate Cox proportional hazards regression analyses. Low EBV DNA, early T stage, early TNM stage, and adjuvant CIKs treatment were significantly associated with better DFS and OS in univariate analysis (Table 2 and Table 3 ). Multivariate survival analysis showed that Low EBV DNA, early TNM stage, and adjuvant CIK treatment were the independent prognostic factor for improved DFS and OS (Table 2 and Table 3 ). 
Subgroup analysis for the NPC patients benefit from adjuvant CIK treatment
We subsequently identify subgroup of the NPC patients who could benefit more from adjuvant CIK cells treatment. Because EBV DNA, T stage, and TNM stage were related to the prognosis of the patients, we evaluated the survival benefit from the CIK cells treatment based on these clinical parameters. In the early stage subgroup (T1/2 and Ⅱ TNM stages), the DFS and OS of patients with NPC did not significantly benefit from CIK treatment (Fig. 3A and 4A ). In the advanced stage subgroup (T3/4 and Ⅲ, Ⅳa-b TNM stages), the DFS and OS of patients with NPC were significantly enhanced in the CIK group compared to the control group (Fig. 3B, 4B and 4C) . We found that the EBV DNA level had no statistically significant difference between the control and CIK groups in the T1/2, T3/4, II, Ⅲ and Ⅳ subgroups, respectively (Table S1 , P = 0.363; P = 0.899; P = 0.621; P = 0.598; P = 0.098, respectively). Furthermore, between the T1/2 and T3/4 subgroups the EBV DNA level of the NPC patients had no significant difference, as well as that among the II, Ⅲ and Ⅳ subgroups (Table S2 , P = 0.614; P = 0.722, respectively). However, both in the low and in the high EBV DNA subgroup, the NPC patients who received curative radiotherapy or chemoradiotherapy could benefit from the adjuvant CIK cell immunotherapy (Fig. 5A and 5B). The distribution of clinical stage of the NPC patients was uniform between the EBV high and low groups (Table  S3 , P = 0.722). 
Discussion
Avoiding immune destruction has been considered an emerging hallmark of cancer, suggesting the host immune system plays a key role as a barrier to tumor formation and progression [27] . In the past few years, a lot of clinical studies have demonstrated that CIKs treatment show positive clinical efficacy in several types of cancer [13] [14] [15] 18, 19] . Indeed, to date, previous studies have increasingly confirmed the therapeutic effects of CIKs treatment in patients with relapse and metastatic NPC [10, 25, 26] . In the present study, we retrospectively evaluated the efficacy of sequential CIK infusion in stage II-IVB NPC patients who have received curative radiotherapy or chemoradiotherapy.
With the analysis of 170 patients, we found that, compared to the control group that received only curative radiotherapy or chemoradiotherapy, patients with NPC who received adjuvant sequential CIKs treatment significantly improved survival, including DFS and OS. This result is similar to the findings of Li et al [25] . Furthermore, multivariate survival analysis showed that the CIKs treatment was an independent prognostic factor for the patients' survival. All these results indicated that CIK treatment is an effective intervention that prolongs the survival of patients with NPC. Our conclusions are in accordance with previous studies in patients with lung cancer [15, 28] , gastric cancer [16] , triple-negative breast cancer [13] , colorectal cancer [29] , liver cancer [14, 18] who received adjuvant CIKs treatment. The retrospective clinical analyses provided convincing evidence in support of the efficacy of CIK cell-based adjuvant treatment combined with surgery or chemoradiotherapy for improved outcomes of patients with cancer.
It can be speculated that the mechanism which CIK immunotherapy enhance the therapeutic efficacy of chemoradiotherapy is based on their synergistic effect. Firstly, CIK cells can enhance the efficacy of chemoradiotherapy in patients by eliminating potential or residual tumor cells including even drug-resistant tumor cells [30] [31] [32] . Furthermore, there are reports showed that CIK cells also have intense tumor killing activity in vitro and in vivo against putative cancer stem cells [33, 34] . It has reported that CIK cells can efficiently kill stem-like cancer cells of nasopharyngeal carcinoma via the NKG2D-ligands recognition [35] . Thirdly, many of the available anticancer drugs can increase the susceptibility of malignant cells to the cytotoxic activity of immune effector cells, which would favor the antitumor functions of immune effector cells [36] . Meanwhile, infused CIK cells can alleviate immune damage and enhance the immunosurveillance capability of NPC patients who have undergone chemoradiotherapy via producing large number of inflammatory cytokines such as IL-2, IFN-γ, and TNF-α [37, 38] . On the other hand, chemotherapy can remove immune suppressor factors such as regulatory T cells and myeloid-derived suppressor cells (MDSCs), which would favor the antitumor functions of immune effector cells [39] . Thus, these findings indicated that conventional chemoradiotherapy in combination with CIK immunotherapy represents an optimization strategy to gain improved therapeutic efficacy in patients with cancer, including patients with NPC.
NPC is an Epstein-Barr virus (EBV)-related malignancy expressing EBV antigens that are possible targets of cell therapy, including latent membrane protein 2 (LPM2). There have been several studies focused on EBV-targeted cell therapy with autologous virus-specific cytotoxic T lymphocytes (CTLs) transfusion for refractory NPC [40, 41] . The results indicated that EBV-specific CTLs are safe and exerting specific killing of NPC tumor cells in vivo [40, 41] . A recent phase Ⅱ study by Chia et al found that gemcitabine and carboplatin chemotherapy followed by EBV-specific CTLs transfusion achieves better survival outcome in NPC patients with metastasis and/or local recurrence [42] . This finding was consistent with our results. Although compared to the EBV-specific CTLs, CIK cells are not antigen specific T cells, CIK cells have several advantages. First, they are easy to culture and produce. With a simple cytokine cocktail, approximately 10 10 cells can be obtained within 2 weeks from an initial culture of 10 7 cells. Second, these cells possess strong antitumor activity and target a broad spectrum of tumors without MHC restriction. Third, minimal toxicity and no graftversus-host disease are found when using allogeneic CIK cells for infusion. These might explain why patients either with low or with high EBV DNA could obtain clinical benefit from adjuvant CIK cell immunotherapy in the present study. To further improve the clinical application of CIK immunotherapy, the potential factors that could have had an impact on the outcome of treatment were also evaluated in our study. In subgroup analyses, adjuvant CIK treatment can significantly improve the prognosis of NPC patients with T3/4 stage or Ⅲ, Ⅳa-b TNM stage, but not in the patients with T1/2 stage or Ⅱ TNM stage. As there are often limited therapeutic strategies for patients with advanced cancer, these results indicated that adjuvant CIK immunotherapy provides an effective treatment option for NPC patients with advanced clinical stages.
In conclusion, this retrospective study showed that adjuvant CIK cells treatment after curative radiotherapy or chemoradiotherapy exhibit a better survival improvement for stage II-IVB NPC patients than control group. Furthermore, our results showed that patients with advanced clinical stages might benefit more from adjuvant CIK immunotherapy. Prospective randomized studies are warranted to confirm the present findings and to further define optimal combinational treatment strategies for immunotherapy of NPC.
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